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Wihy Do We Measure
Formaldehyde (CH,0)?

= Hazardous Alr Pollutant
(HAP)

= Primary and secoendary
SOUrces

= Plays an important rele in
@zone fermation

Radical Source




Methods In Development = Protomn
Transterg eaction = Mass
Sp@@tmm@t@r(@PTREMS»

= QOffers real time, pptv
measurements of both
iormaldehyde and an array
of other velatile erganic
compounds (VOC’s)

= Allows a method for seurce
proportionment of primary.
and secondary velatile
organic compounds

= Operating Principle

H,O"+R—>H,O+RH"



Challenges of Measuring
Formaldehyde with the
PTR-MS

1. Reduced sensitivity due to back reaction with
water

H,O"+R< H,O+RH”

1. Sensitivity Is humidity dependent due to ligand
switching reactions with water clusters

H,0eH,O" + CHOH — H,0" « CHOH + H,0

CH,OH" +H,0+M — CH,OH" ¢ H,0+ M

CH,OH* eH,0+H,0 > H,0" ¢«H,0+CH,O

2. Interfierences from other compounads
= Methyl hydroperoxide, methanel, ethanol



Humidity Effects

Trap Temperature = NA, Flow_ 5 00 sccm

Td =120, Driftyubep ressure— 5.1, bar

Formaldehyde

ncpsippbV

14 18 21 23 26 28
nor Mixing Ratio (mmol/imol

24 48 76 11 14 18 21 ' 23 26 28
Water Vapor Mixing Ratio (mmol/mol)
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Current Strategies to Overcome
Formaldehyde Measurement Difficulties
with the PTR-MS

Correct formaldehyde measurements by
applying equations that account for
fiormaldenyde’s water vapoer mixing ratio
dependence

Current strategies have error greater thamn 25%

fes




WSU's strategy for measuring
formaldehyde with the PTR-MS

= Use a cold trap to remoeve water vapor in
sample air resulting in iIncreased sensitivity.
of formaldehyde with little affect on other
\VVOC species

= Hypothesis— VOC s will guickly arrve at
equilibrium resulting| in little less of VOC
mass to the ice coated walls ofi the cold trap



Experimental Setup

Qverflowto !
Atmosphere : Computer «--» LabJack

[ | Calibration
Pump Rotometer § Sources

183 - 800 scem

uoljeawlad 09°H
X1 uoneiqied

LIS 2101

Cooler Control Box

Flow Controller .
10.0 scem (25 sccm)

Flow Controller [*
0 % RH 0-500 scem (500 sccm)

Water Snake Flow Controller .

100 % RH 0.500 (500 sccm)
- sSCCm




Experimental Setup cont.

= Cold Trap Conditions
Flow VVaries
Tlemperature Varies

= PTR-MS Conditions
TD= 108-120

Drift Tube Pressure =
2.1-2.4 mbar




Coldpirapp erfermance

Traprtiemperature = - 30 °C; Td = 120,

Drift Tube Pressure = 2.1 mbar Flow = 104 scem

Formaldehyde

ncpsippbV

4 17 21
Water Vapor Mixing Ratio

10 14 17 21 24
Water Vapor Mixing Ratio (mmol/mol)
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Cold Trap Design - Temperature

= At some point, reducing
the temperature
produces diminishing
returns in the coldl trap’s
drying effect, and
conseguently instrument
Sensitivity

= \\ater vapor always
present in PTR-MS due
o reagent 1oni source




(@,

WV MR = 16 mmol/mol Flow_ 183 sccm, Drift Tube

Pressure— 5 .4, bar Td =120,

= tamty

ncps/ppbV

] et el el ued

m,
o
=
[/
m'
-
u,
-

.
e e e e o st S el i

s

Ha"Ha' Ba" " He"Ha' L0 2"

-50 - 20 23

Temperature (°C)

g H,0H,0

50
o
"
o
A
o
Y]
o
A
1,

N ]
I
o]

-30 -20 -10
Temperature (°C)




rature

pe

Fﬂnm”l--
5
i

=
©
5
<

Temperature (°C)

(Ll

p Des
thylebenzene

ime

tr

A A
.mm.r..rm.r..r..r..r..ﬂ..r..ﬂ..r..r..r..rm.r..rm.r..r..r..r..ﬂ..r..ﬂ..r.
Srastisi il sl sl sl s s ol

2

Benzene
4-

1

Isoprene

TAELTAELY,

E

% %
% %
% %

2 £
o i
o I
..._M.._.l.._m.._.l.._.l..r..r._,r.._.l.ﬂ.l.,_.l.,_.l LA

= o™ o

Aqddjsdou

Cold Tra




Cold Trap Design - Flow

= Elow Rate

Influences equilibrium
of formaldehyde with
Ice - coated tulbe
walls

Influences water
vapor removal




= 16 mmol/mol

WV MR
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Equilibrium with lece-Coated
Tube Surface




Equilibrium with lece Coated Tube
Surface =
Temperature = - 67 °C, Flow = 100 seccm

ime to Equilibrium = 18 seconds
otal mass loss to cold trap = 10 ng

50 0

Time to Equilibrium = 24 seconds
Total mass loss to cold trap =12 ng
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Summary

= The PTR-MS with a cold trap attached to
the inlet effectively measures
formaldenyde with minimal impact on the
measurement of ether VOC'S

= Once the cold trap reaches equilibrivum,
fine time: resoelution measurements can
e made that offers a technigue for
sournce proportienment of formaldehyde
against other VOC's




Questions?

Fire away





